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ADHESIVE MICROSTRUCTURE AND 
METHOD OF FORMING SAME 

This application claims priority to the provisional patent application entitled, 
"Non-Interlocking Dry Adhesive Microstructure and Method ofFonning Same," 
Serial Number 60/172,731, filed December 20, 1999. 

This invention was made with Government support under Grant (Contract) 
5 No. N00014-98-C0183 awarded by DARPA through a subcontract from LS. Robotics 
The Government has certain rights to mis invention. 

BRIEF DESCRIPTION OF THE INVENTION 

Uris invention relates generally to the fabrication and utilization ofmicron- 
10 scale structures. More particularly, this invention relates to a non-interlocking 
adhesive microstructure. 

BACKGROUND OF THE INVENTION 

There is an ongoing need for improved adhesives. Improved adhesives have 
15 applications ranging from everyday aspects of life (e.g., tape, fasteners, and toys) to 
high technology (e.g., removal of imcroscopic particles from semiconductor wafers, 
transporting fiberoptic devices, and assembly of sub-mm mechanisms, particularly 
those including micro-fabricated components, or components that cannot tolerate 
grippers, adhesives, or vacuum manipuhors). 
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Adhesive mechanisms in nature have been studied, but have not been fully 
understood or exploited. For example, Geekos are exceptional in their ability to 
rapidly climb up smooth vertical surfaces. The mechanism f adhesion used in 
Geckos, AnoUs lizards, some skinks, and some insects, has been debated for nearly a 
5 century. 

While some prior work has identified the morphology of seta used by Geckos 
and other insects, this prior work does not identify how the seta operates. m addition, 
this prior work fails to identify how to use a seta to perform useful work 

It would be highly desirable to identify and exploit the adhesive force 
mechamsm utilized by Geckos and other insects. Such mformation could result in the 
utilization of new adhesive rmcrostructures and the fabrication of such strnctares. 
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SUMMARY OF THE INVENTION 

The invention includes a method of forming an adhesive force. The method 
15 includes the steps of removing a seta from a bving specimen, attaching the seta to a 
substrate, and applying the seta to a surface so as to establish an adhesive force 
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The invention also includes a method of establishing a adhesive 
nricrostnicture. The mettod includes me st^ 

foiceperpendicnlartomesuiraee. The seta is then pulled with a force parallel to the 
surface so as to preload an adhesive force of the seta. 

The invention also includes a method of fabricating an adhesive 
nrioostructure. The fabrication technique includes fabricating an array of shafts and 
then forming spatulae on the array of shafts. 

The invention also includes a fabricated nrioostructure with a shaft having a 
length of less than 500 microns. The shaft has a diameter of between 0.01 and 0. 1 
thnes the lmgth of the shaft Anamyof spatulae is fonned at an end of the shaft. 
The array of spatulae has a width of less than 10 microns. Individual spatula of the 
spatulae include a tominal end wifc an extended surface, such ^ ^ 
segment of a sphere, or a flattened segment of a sphere. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the invention, reference should be made to the 
following detaded description taken in eonjnnetion with the accompanying drawurgs, 
in which: 

5 FIGURE 1 A illustrates preloading operations performed in accordance with an 

embodiment of the invention. 

FIGURE 1 B illustrates rows of setae used in accordance with the invention. 
FIGURE 1C illustrates a single seta used in accordance with the invention. 
FIGURE ID is an enlarged view of a single seta used in accordance with an 

10 embodiment of the invention. 

FIGURE IE is an enlarged view of a single extended surface spatula on a 
spatula stalk, in accordance whh an embodiment of the invention. 

FIGURE IF is an enlarged view of a single extended surface spatula on a 

spatuUstaltmaccor^ 
15 FIGURE 1G illustrates an array of spatulae formed at the end of a shaft to 

form seta used in accordance with the invention. 

FIGURE 1H illustrates a system to measure adhesive force achieved in 

accordance with the invention. 

FIGURE His another illustration of a system to measure adhesive force 

20 acmevedm accordance with the invention. 

FIGURES 2A-2B illustrate different forces, as a fimction of time, 
with the loading and adhesion operation of a stnictum of ^ 

FIGURE 3 " nr »ina>t ftwee associated with an 
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embodiment of the invention. 

, detachment of a structure 



utilized in accordance with the invention. 

FIGURES 5 A-5C illustrate the fabrication of an array of setae with spatula 
structures in accordance with an oxide/nitride fabrication process utilized in 
accordance with an embodiment of the invention. 
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FIGURES 6A-6B fflustrate the fabrication of an array of setae in accordance 
^th ^ ^citation source process utilized in accordance with an embodiment of the 
invention. 

FIGURE 7 illustrates the fabrication of an array of setae with spatula 
5 structures in accordance with a stalk and seeding process utilized in accordance with 

an embodiment of the invention. 

FIGURE 8 illustrates the fabrication of a single spatula using a micro-pipette. 
FIGURE 9 illustrates an embossing tool used to form a spatulae mold for use 
in accordance with an embodiment of the invention. 
,0 FIGURES 10A-10D illustrate Uthographkally induced self-construction of 

spatulae in accordance with an embodiment of the invention. 

FIGURES 11A-11B mustrate aroUer riano-imprmtmgt^ that maybe 
used to form spatulae in accordance with an embodiment of the invention. 

FIGURE 12 illustrates a two-layer photoresist fabrication technique that may 
15 be used in accordance with an embodiment of the invention. 

FIGURE 13 illustrates a setae-based manipulator mat may be used in 
accordance with an embodiment of the invention. 

like reference numerals refer to corresponding parts throughout the drawings. 
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DETAILED DESOHPTlON OF THE INVENTION 

The invention is directed toward the use of micron scale structures to achieve 
adhesion. In particular, the invention uses a seta structure. The seta stricture has a 
shaft Positioned at the end of the shaft is a spatula or an array of spatulae. Adhesion 
ispixxlucedasthespalnla OT 

hi general, the shaft is between 1 and 500 microns long, preferably 
approximately 10 to 100 microns long The diameter of the shaft is preferably 
between 0.01 andO.l times the length of the shaft, preferably approximately 0.05 



tunes 1 

The tenninal end ofme shaft has at least one spatui^ Frcferab^meternnnal 
30 endofmeshafthasb^eenlandl()00spatulae. The array of spatulae is preferably 
less than 10 microns wide, preferably approximately 1 micron wide. Preferably, each 
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spatula of the array of spatulae has an extended surface at its terminal end. The 
extended surface may be in the form fa paddle or a curved segment fa sphere, as 
shown below. 

The structure of the invention is modeled from structures found in nature, such 
5 as the seta found on the foot of a Tokay gecko {Gekko gecko). Many species of gecko 
(e.g., dade Gekkonoidea), species of Anolis, and several skrnk species have adhesive 
setae that may also be used m In addition, beetles and 

kissing-bugs have setae that may be used in accordance with the invention. The 
invention is implemented with natural or fabricated setae, as discussed below. 
10 Examples of seta structures found in nature follow. The seta of a Tokay 

Gecko has a stalk (shaft) diameter of 5 u, a stalk height of 1 10u, a tip (spatulae) 
length of0.2u, a tip width of0.2u, and between 100-1000 tips, where the total tip area 
per stalk is 2 to 20u 2 . Anolis cuvieri has a stalk diameter of 0.5u, a stalk height of 
22^atiplengfoof0.6p,atipw^^ 100-1000 tips, where foe 

15 total tip area perstalkis2to20u 2 . Prasinohaemavirens (skmk) has a stalk diameter 
of 2p, astalk height of 26p, a tip length of 6u, a tip width of 7u, and between 100- 
1000 tips, where foe total tip area per stalk is approximately 20u 2 . 

By way of example, Figure 1A illustrates a Tokay gecko 20 wifotenninal 
hmbs21foathavenataraflyocc^ The five gecko 20 is restrained. The 

20 articular layer of a portion of a terminal limb (eg., a toe) 21 is removed. This 
operation, analogous to cutting hair, allows the gecko to harmlessly regenerate its 
setae. It has been demonstrated that hundreds or thousands of setae can be easily 
harvested without sacrificing the living being from which the setae are removed. 
After removal, foe cuticular surface is scraped to break off individual seta, 
25 preferably at the base of foe shaft of foe seta. Figure IB illustrates rows 22 of setae 
associatedwifofoegecko20. Figure 1C illustrates foe shaft 24 of a single seta 26. 
The figure also illustrates foe spataulae 28 positioned at foe end of foe shaft 24. 

Figure ID is an enlarged view of a single seta 26. The figure illustrates that 
the shaft 24 is roughly perpendicular to foe spatulae 28. 
30 Figure misaneifoiiged view of a singles^ ^ 

spatula stalk 30 may be foe shaft 24 or a separate tendril extending from the shaft 24. 
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Preferably, each spatula 29 has an extended surface. In Figure IE, the extended 
s^ismthefonn f a paddle structure. In Figure IF, the extended surface is in 
thefonn f a sphere Figure 1G is an enlarged vie^ of an an.y of spatulae 28. 

The realization of large adhesive forces hy the setae is contingent upon preload 
5 operaBonsperfon.edinacconlan^ 

^ at a characteristic angle, as specified in accordance with the invention. Figure 

10 the seta is attached- 

The bvaaors have id=*6ed to the adhere force of a seu depends upon .« 

30 prefoad (0.6 pN * 0.7 SD; N - 17). The larv.es. pandlel forees were observed ooly 
folk^afewmic.o.aofdk^ Tte^lsofpKloadingonsealft.ce 
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production suggest that a small perpendicular preloading force in concert with a 
rearward displacement or parallel preload may be necessary to "engage" adhesion. 
Preloading is believed to increase die number of spatidae contacting the surface. 
The orientation of the setae is also important in detachment The force 
5 produced when a seta was pulled away from the surface was not significantly 
drfferendy from the force measured during a pull parallel to the surface if the same 
p^pendicul*^ 

^asimilar angle (30-6« ± 1.8SD;N=17) and fo^ce when pulled away from the 
sensor's surface. To check for the presence of a critical angle of detachment, the 
10 perpendrcular force was held constant, while the setal angle was progressively 
iaereased until detachment Setal angle at detachment changed by only 15% over a 
range of perpendicular forces. Thus, the invention utilizes a detachment angle of 
between 35° and 25°, preferably approximately 30°. The detachment angle values are 
ba^uponthedisctoseds^ 
15 perpeiHhculartothesp Change in the 

orientation of the setae and perhaps even the geometry of the spatulae may facrhtate 
detachment. 

The foot of a Tokay gecko (Gekko gecko) holds approximately 5000 setae 
n^and can produce 10N of adhesive force wimaprnoximately 100 mm 1 of pad 

20 aiea. Therefore, each seta shcmW,^ 

stress of 0.1 N mm 2 (~1 atm). The actual magnitudes are probably greater, since it rs 
unlikely that all setae adhere simultaneously. 

The foregoing information is more fully appreciated in connection with 
specific operations performed in accordance with the invention. An isolated seta, 
seeuredbyme technique discussed above, was gtoed to a su^ 
a #2 insect pin) with epoxy (e*. 5-MINUTE EPOXY soldbylWDeva.i.Danvars, 
MA) The pin had a diameter of approximately 15 pm. To prevent the epoxy from 
creeping up the stalk of the seta, which might change the mechanical property of the 
specimen, the epoxy is preferably nrecured for approximately 1 minute before 
30 applyh^ittomespecimen. AD setae were oriented such that the active^ 
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under a conipound microscope. , 

32do«n«fto.^of^i^^^ mH * ,,Sed,0< * ,a,,, 
onftoMKeresulls described below. 

^ ad ^La26w a s lOT ^bc m ^w iate ^32 1 »»a P pl ) ™a^ 
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aPC) The collect data (in v Its) were converted to deflections of the sensor 
toough calibration constants, and multiplied by the stillness of the cantdever to 
obtain force values. 

««^fcWhii-— w---^*■--•»- -4 * ^, " ,,,, " 

, AMO k m F«WtaCorp,Sdm^Al S te^^«^i"Kg-«U). To 
-oxyootoataasssod, Tbe«^sm« K e.fa*««.««I»«« 4a 8™. ,be 

perpendicular or normal to the wire. 

of^w^puUedbyftese^AlIseq^w^^onWwiU.a^^Ce.g, 

. CCD camera aold by SOT and <° ■ ""V" <**• " ,1 

20 MACTmO SH )»^a^^^<^-^^ 1M ^ M ° BOT, " J 

te position of dK w« a. ft. poio. of sepandion we and anaiyzed o*=S 

ta8 , B **-l»»(*' llW '*«*-* ^amooo.ofdeflecdoa.o.he 
foTCg ^ was convomdU.adMoofo^atotefo^ gauge was c^te««d 

25 against standard weights. 

^ results of these operations are shown in Figures 2^. Figure 2Adlnstrates 
^ associated with a perpendicular preload and a subsequent parallel pulhng 
perfonnedina^^^ As shown in Figure 2A,setal adhesive 

fo^paaaMtothesuxfacei^ 

30 ofthescosorattiniev W*~~^******~* 5 ' m * m * 
^surface, adisU^ 



9 



PCI7US0O/33495 

WO 01/49776 . 

c ^»l^-^*^^»•■ tt •-- i —•* ,, "' , "• f ■*• 

se B »v« n ^194 W N±25SD(N = 28Xn=ariyl0-foldgr^^F«^»°»' 

whole animal estimates. 

Tie single**, force ««««« afS** *» if all setae werc 
5 stau »^Wa»d m a^ya^»^^<> f »^^'^ 100N 

ID ^ rf ^fo«e(10N)wi fll o^l<Woftesea« m a^y««a«4 
T^inajdiDiinifoaeedevelfqiedbya^veiisetacouWi^l^prc^lefo^^^ 

to ex«fo^te^*^P rf ^ (U •^ iDtoimd,,, * dl,lM,8 
M ^a« C--*,*—- 

^ B ^ 0 ^pc^e^fo^^^^^» MdMe ° ,<,ffi,COM, 
™ B l to (U5,»eHg»3. Byeon.nftwtoteacdveapattlar.ep.m^ 

, 1 ^.«-...-»i--*--"»» , »« > *' t Theft*****"* 
topuB h*.b«s«a,^.o.l«si^<^ i ^^ 

shown in Figure 2A. lto^ I ^e*fo»ie n eee n «eem- Bt a m edden». 
„», subset pel Seal force P=nlld «. sorfho. te«sed linearly wnb the 

as ^ paP «^i«e^^i»to-^ to ^ te ^*™^ ,,g iil 

SeU^werc^pe^^foea^aedtoP^l^ 
l „ i ,dev«fope4ove,«e«^fo.forc.(»."^^^«- 1 ^ ta,lg, ^ e,1 

SD;N = 17)- The Ue^ parallel forces were obsenea eel, folHwmg . few »- 
30 of sliding, as shown in Figure 2B. 
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The results of prel ading on setal foree production support the hypothesis that 
a snraU perpendicular prel ading foree m concert with a rearward displacement or 
para llelprel admayb.necessaryto-engage-adhes.on. Since the tips of the setae 
are directed rearwanis away from the toenail, preloading may increase the number of 

5 spatulae contacting the surface. 

The orientation of the setae also appears to be important in detachment dunng 
amotion. The force produced when a seta was pulled away from foe surface was 
not significantly different from the force measured during a pull parallel to the surface 
if the same perpenchcular preload was given. However, it was identified that setae 

sensors surface. To check for the presence of a critical angle of detachment, 
papendicalar force was held constant, while the setal angle (04 Figure IF) 
progressively increased until detachment. Setal angle at detachment changed by only 
15%overaran g eofperpendicular forces, as shown m Figure 4. This observatronts 
15 consistent with an adhesive model where sliding stops when pulhng at greater than the 
critical setal angle and hence stress can increase at a boundary, causing fracture of the 
contact Change in the orientation of the setae and perhaps even the geometry of foe 

spatulae may facilitate detachment 

It has long been known that geckos peel the tips of their toes away from a 
20 smc^fosnrfitcednrmgrunnmg. Toe^it^havetwoeflerts. F^ftn«V^ 
an individual setainan orientation or at a critical angle foat^ 
Second, toe peeling concentrates the detachment foree on only a smaU subset of all 
attached setae at any instant The toe peeling behavior is analogous to the techmque 
nscd by humans to remove a piece of tape from a surface. 
25 The direct setal force measurements are consistent with the hypothesis that 

adhesion in geckos is the result of intermolecular forces. The sample models available 
can only give the most approximate estimates of setal foree production. Jfitis 
assumed that the tip of a spatula is a curved segment of a sphere (radius, R - 2^m) 
and is separated by a small distance fi^ a large, fUU surface where van derW^als 
30 forces become significant (atomic gap distance, D » 0.3 nm), then setal force = AR / 
6D 2 , where A is the material dependent Hamaker constant taken to be 10"" J 10 This 
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estimate puts the van der Waals force for a spatula to be about 0.4 M N- Since the 
number of spatula per seta varies from 100 to 1000, setal force estimates range from 

40 to 400 /zN. 

Earlier experimental support for the van der Waals hypothesis comes fiomthe 

5 observauontnatadl^ve^ 

energyoffcesubstrate. In addition the rejection of alternative mechamsms such as 
suction, electrostatics, friction, microinterlocking, and wet adhesion, has been 
attempted. Adhesion experiments earned out in a vacuum and the disclosed 
me asurementsof greater ^•-p^^rf-^P"-^-"*^ 
10 that suction rs not involved. Experiments using X-ray bombardment ehmmates 
electrostatic attraction as a mechanism necessary for setal adhesion, since the setae 
can still adhere in ionized, air. Micrcirterloclring could function as a secondary 
mechanism, but the ability of geckos to adhere to polished glass shows that 
ureg ularities on the scale of the spatulae are not necessary for adhesion. The findings 
15 herein do not support a friction mechanism because the cantilever's surface is smooth 
(surface roughness less than or equal to 2.5 nm) and the coefficient of frictron of the 
setal keratin on silicon is low = 0.25; Fig. 3; dashed line). Capillary adhesion or 
g^amnotHkelymechanisms,^ 

The mechanism of adhesion may involve a thin layer of water, or adsorbed water 

20 molecules on the seta and/or substrate. 

Van der Waals forces are extremely weak at greater man atomic distance gaps, 
and reomre intimate contact between the adhesive and the surface. Polymeric 

overare latively large snrmce area. Ihe fee* ofa Tokay gecko ^^contam 
approxunately one billion spatulae that appear to provide a sufficiently large surface 
area m close contact with the substrate for adhesion to be the result of van der Waals 



ova* a 

25 



forces. 



As previously indicated, the invention may be used in connection with setae 
harvested from a live specimen. Alternately, the techniques of the invention maybe 
30 nsedmconnecticnwimfabricatedseta, Thoseskifiedmmeart^Urecogmzea 
number of techmques that may be used to fabricate setae in accordance wrth the 
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mention. For example, the devices may be fabricated through an oxide/nitride 

process, as shown in Figures 5A-5C 

Initial*, a recess . etched m a semiconductor substrate. Figure 5A illustrates 
a recess 101 fomedmasernicor^c^sub^ Nitride and oxide layers axe 

oxide layer 104. The surface is then patterned and etched, resulting in the structure of 
Figure 5B. 

Afterwards, the underlying substrate 100 is etched, resulting in a well 106, as 
shown in Figure 5C. At this point, the stress difference between the oxide and mtnde 

forrnmg a sr^ structure. The end of the shaft may then be roughened to form 
spatulae. For example, the spatulae may be formed by wet etching, radiation, plasma 
roughening, electro-chemical etching, and the hke. Alternately, a separate spatulae 
roay be affixed to the shaft Techniques for fabricating spatulae are discussed below. 
15 Another technique that may be utilized m accordance with the invenUon 

exploits an excitation source. As shown in Figure 6A, a sensitive material 122 is 
formed on a substrate 120. An excitation source 124 is used to apply excUatxon 
euergy to me sensitive material 122. The deep-penetrating excitation alters the 
volume along the tmjectory of excntatiom The altered votane is then selectrvely 
20 etchedaway. Th^re^mambe 126, as showninFigure6B. At higher den.Ues 
of exposure, the remaining material becomes a raudom array of isolated fingers. The 
end ofeach tube 126*^ 

tUb6S ' FigU re 7 illustrates another technique that may be utilized in accordance with 

25 fcemvention.Tmsexnbod^ 

asubstrateUO. Stalks 132 are then patterned and etched from the etchable matenaL 
The etched substrate may be coated with oxide and/or nitride layers. Alternately, 
polymer layem may be used asacoating. The polymer layem may be spm-cas^usmg 
^als, such as photoresist, polyimide, glass, or epoxy-based compounds. The 

30 resultant stalks 132 are then seeded to form nanotubes 136, operating as spatulae. 
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Artificial spatulae may be formed using a glass nucro-proette drawn down to a 
nanow aperture (e.g,, 500 nm) at an end Uqmd polymer is extmded through the 
hoUow pipette and is then cured. Surface tension creates a hemisphencal drop at the 
end of the pipette. Figum 8 mustrates this technique. In particular, the figure 
5 illustrates a micro-pipette 1 50 with a hquxd polymer 152 positioned therein to form a 

hemispherical drop 154. 

Materials that can be applied to the micro-pipette include low viscosity ultra 
vrolet cure epoxy, uncured silicone rubber, or polyurethane resin. The hemisphere at 
the end of the micro-pipette can be flattened or embossed by pressing against a 
10 polished surface. A flattened surface, such as the paddle structure of Figure IE, with 
its larger contact area, has better adhesive properties than a sphere. 

The single spatula pipette can be u^ 
mold by plastically deforming a material, such as molten polystyrene. A large area 
mold (e g., 20 by 20 microns) can be formed by either step-and-repeat embossing or 
15 by making an array of pipettes and embossing a large pattern. 

Figure 9 iUustrates an array of pipettes used to form an embossing tool 160. 
The embossing tool 1 60 is applied to a polystyrene material 162 positioned on a 
substrate 164. This results in a patterned polystyrene surface 166. 

Alteniativery.arianc^hannel glass, which consists of a large bundle ofbollow 

then the glass can be dissolved in an acid. 

Spatulae may also be formed by litlmgraphically induced self construction. 
With this technique, electrostatic attraction is used to pull liquid through a mask, and 
mereby-sprouT spatulae. This process is shown in connection with Figures 1 0A- 

25 10D. 

Figure 10A iUustrates a growing layer 170 positioned on a substrate 172. The 
growing layer may be molten polymer or thermoplastic. Spacers 174 are positioned 
on the substrate 172 and amask 176 is corrstructed on the spacers 174. The growing 
layer 1 70 is electrostaticalry attracted to tlie vrpper mask layer 1 76, producing a set of 
30 pmtrusions 178, as shown in Figure 10C. The resultant spatulae array is shown in 
Figure 10D. 
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Stalks and spatulae may also be formed from a mold using a nano-impnntmg 
roller This technique is shown in connection with Figures 11A-11B. While nano- 
nnpnnting techmques of the type shown in Rgures 1 1 A-HB have been used in the 
prior art, they have not been used to produce spatulae structures. 
5 Figure 12 illustrates that a 2-layer photoresists can be formed wrth different 

^ exposure series, so that the upper layer forms, for example, 1 00 nm square 
plates that are supported by much longer and thmner pedestals. Standing-wave 

3^ Snmlar structures can be made with SiOx layers on silicon substrates by 
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Setae shafts may be fabricated using a sandwich of polymer layers. A polymer 
iayex can include spin-cast polymer materials, such as photoresist, polyimide, glass, or 
epoxy-basedconrpounds. A polymer layer can also include spmy-deposited polymer 
mat erials, such as photoresist, polyimide, glass, or epoxy-based compounds. 
Alternately, a polymer layer may be an ultra-violet curable epoxy. 

Figure 1 3 illustrates a manipulator 200 formed in accordance with an 
en.bcxliment of the invention. The manrpulator 200 mcludes abeam 202 with a set of 
setae 26A-26D arranged in opposing pair, (e.g., 26A and 26C oppose one another, as 
do26Band26D). The beam 202 is pushed toward the substrate 204 to preload and 
^fhesctaeaoA-ZfiD. The beam 202 is then pulled away fiom the substrate 204 
to drag and pick-up me substrate 204. The beam 202 is pushed toward the substrate 

204 to release the setae 26A-26D. 

Those skilled in the art will recognize that the adhesive nricrostructures of the 
invention may be utilized in a variety of ways. For example, the technique of the 
invention can be used in pick and place micmmanufacturing, nncromampulatron, and 
rnicro^rgeryapplieations. For example, a seta can be attached to a micromampulator 
to pick up a fiber optic, move it, and put * down again. Other uses include 
naanipulating retinal prosthesis inrplants/explants, attaching to nerves durmg surgery, 
and pick and place of sihcon wafers or disk drive components. 
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art to best utilize the invention and various embodiments with 

• following claims and their 
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TMTHF. CLAIMS: 

, i. Amethod ft^ml^^^^*"^*"* * 

2 removing a seta from a living specimen; 

3 attaching said seta to a substrate; and 

4 l ^^^^m^mmt.a^m^^^^^ 

5 said substrate and said surface. 

1 2 The method of claim 1 wherein said removing step 

2 removing a seta from a gecko. 

1 3 ^ method of claim 1 wherein said removing step includes the step of 

j 4 The method of claim 1 wherein said applying step includes the steps of: 

2 ' applymgsaidsofcto^^ 

3 and . • 

4 pulling said seta with a force parallel to said surface so as to engage said 

5 adhesive force. 

! 5 . The method of claim 4 wherein said adhesive force is greater than the 
2 cumulative force of said allying and pulling steps. 

, 6 . Amemodofestabl^ 

2 ihestepsof: 

3 applying a seta to a surface with a force perpendicular to said surface; 
5 adhesive force of said seta. 
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1 7 . The method of claim 6 wherern said adhere force is greater than the 

2 cumulative force of said applying and pulling steps. 

! 8 . A method of fabricating an adhesive microstructure, said method comprising 

2 the steps of: 

3 fabricating an array of shafts; and 

4 fanning spatulae on said array of shafts. 

1 9 The method of claim 8 wherein arid fabncating step includes the step of 

2 constructing said array of shafts with a sandwich of nitride and oxide. 

1 , 0 . The method of claim 8 wherein said fabncating step includes the step of 

2 coustmctmg said array of shafts with a sandwich of polymer layers. 

! „ The methodof claim 10 wherein said instructing step incl^^ 

2 constructing said array of shafts with a sandwich of polymer layers, wherem a 

3 polvmerlaye,^^ 

4 photoresist, polyhnide, glass, and epoxy-based compounds. 
! u Themefbc>dof^ 

2 constmcting said array of shafts with a sandwich of polymer layers, wherem a 

3 polymerlayer is aspmy^tedpolymexnnuerial selected from the group 

4 consisting of photoresist, polyhnide, glass, and epoxy-based compounds. 

, 13 The method of claim 10 wherein said coustructing step mcludes the step of 

2 constructing said array of shafts with a saudwich of polymer layers including ultra 

3 violet curable epoxies. 

1 14 A fabricated microstructure, comprising: 

2 ' a shaft with a length of less than 500 microns, said shaft haviug a drameter of 

3 between 0.01 and 0.1 times said length of said shaft; and 
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4 anaimyofspatulaefoimedatanend f said shaft, said array of spalulae 

5 havrng a width of less than 10 microns, individual spatula of said spatulae including a 

6 curved segment of a sphere at a spatula terminal end. 

1 15. The fabricated microstructure of claim 14 wherein said shaft has a length of 

2 between approximately 10 and 100 microns. 

1 16. The fabricated microstructure of claim 14 wherein said shaft has a diameter of 

2 approximately 0.05 times said length of said shaft. 



1 17. 

2 sphere at a spatula terminal end has a radius of armroximately 2um. 
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